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1	Introduction
The mechanism for centralized transmission was agreed as [1] in RAN3#97bis. However, considering mechanism on centralized retransmission, the status of retransmitted packets may not be obtained by CU; The PDCP SN of retransmitted packets may be lower than current buffered PDCP SN but DU only reports “highest delivered/transmitted PDCP SN”. It would be potential issue as CU cannot delete the buffer as CU cannot know whether the retransmitted packets are delivered. In this contribution, this issue is discussed and a solution is provided.　
2	Discussion
2.1 Issue on acquiring the status of retransmitted packets
CU (in other words, the node hosting PDCP) needs to know the status of which packets are actually delivered to UE to update Tx PDCP window.
Observation 1: CU needs to know the status of which packets are actually delivered to UE.
On the mechanism of centralized retransmission, CU may transmit the packets which were already transmitted to the same or other DUs.
[1]: “4.	gNB-CU starts sending traffic (namely new PDUs and potentially retransmitted PDUs) to gNB-DU2
5.	If gNB-DU1 realizes that the link toward the UE is back in normal operation, it sends a “Radio Link Resume” notification message as part of the DDDS PDU over the F1-U interface to inform the gNB-CU that the radio link can be used again.
6.	gNB-CU may start sending traffic (namely new PDUs and potentially retransmitted PDUs) via gNB-DU1 again.”
In this case, the PDCP SN of retransmitted packets may be lower than the one of already buffered in the DU.
Observation 2: The PDCP SN of retransmitted packets may be lower than the ones of already buffered in the DU.
On the other hand, the only way to CU acquire the status of which packets are actually delivered to UE is Downlink Data Delivery Status [2]. However it only reports “highest delivered/transmitted PDCP SN”.
Observation 3: In DDDS, DU only reports the status of “highest delivered/transmitted PDCP SN.”
So, CU cannot the status of retransmitted packets as retransmitted packets may be lower than the ones of already buffered in the DU. 
Observation 4: CU cannot know the status of retransmitted packets.
Thus, it would be potential issue as CU cannot delete the buffer as CU cannot know whether the retransmitted packets are delivered.
Figure1 illustrate why CU cannot obtain the status of retransmitted packets.
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Figure1 DDDS report when re-transmission is performed

Note that DU may prioritize the retransmitted packets in 2.of above figure to avoid re-ordering delay as discussed in [3]

2.2 How to acquire the status of re-transmitted packets
To solve the issue discussed in section 2.1, following solution can be considered.
When CU performs retransmitting, the CU indicates to the DU whether the packets are retransmitted otherwise DU cannot know whether this packet is retransmitted or not.
Proposal 1: Define “retransmitted indication” in spare bit of PDU
Then, the DU reports the status of indicated packets by dedicated IEs in DDDS. 
Proposal 2: Introduce new IEs i.e. Delivered PDCP SN of retransmitted packets and Transmitted PDCP SN of retransmitted packets
With above IEs, the status of retransmitted packets can be clearly reported to CU as shown in figure 2.
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Figure2 Updated DDDS report when re-transmission is performed


3	Summary
In this contribution, this issue on acquiring the status of retransmitted packets is discussed. Following observation and proposals are obtained.
Observation 1: CU needs to know the status of which packets are actually delivered to UE.
Observation 2: The PDCP SN of retransmitted packets may be lower than the ones of already buffered in the DU.
Observation 3: In DDDS, DU only reports the status of “highest delivered/transmitted PDCP SN.”
Observation 4: CU cannot know the status of retransmitted packets.
 Proposal 1: Define “retransmitted indication” in spare bit of PDU
Proposal 2: Introduce new IEs i.e. Delivered PDCP SN of retransmitted packets and Transmitted PDCP SN of retransmitted packets
Corresponding TP for BL CR of TSTS38.425 [4] is attached in annex.
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[bookmark: _Toc496876056]5.5.2	Frame format for the NR user plane protocol
[bookmark: _Toc496876057]5.5.2.1	DL USER DATA (PDU Type 0)
Editor’s Note: All the text below is FFS.
This frame format is defined to allow the corresponding node to detect lost NR-U packets and is associated with the transfer of a Downlink NR PDCP PDU.
The following shows the respective DL USER DATA frame.
	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=0)
	spare
	Retransmission Ind.
	Report polling
	1

	NR-U Sequence Number
	3

	Spare extension
	0-4



Figure 5.5.2.1-1: DL USER DATA (PDU Type 0) Format
[bookmark: _Toc496876058]5.5.2.2	DL DATA DELIVERY STATUS (PDU Type 1)
Editor’s Note: All the text below is FFS. In particular, the optionality of the Highest successfully delivered NR PDCP Sequence Number is FFS.
This frame format is defined to transfer feedback to allow the receiving node (i.e. the node that hosts the NR PDCP entity) to control the downlink user data flow via the sending node (i.e. the corresponding node).
	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=1)
	Cause Report
	Highest Transmitted NR PDCP SN Ind
	Final Frame Ind.
	Lost Packet Report
	1

	Spare
	1

	Highest successfully delivered NR PDCP Sequence Number
	3

	Desired buffer size for the data bearer
	4

	Minimum desired buffer size for the UE
	4

	Number of lost NR-U Sequence Number ranges reported
	1

	Start of lost NR-U Sequence Number range
	6* (Number of reported lost NR-U SN ranges)

	End of lost NR-U Sequence Number range
	

	Number of successfully delivered retransmitted NR PDCP Sequence Number range reported
	1

	Start of successfully delivered retransmitted NR PDCP Sequence Number range
	6* (Number of successfully delivered retransmitted NR PDCP SN ranges)

	End of successfully delivered retransmitted NR PDCP Sequence Number range
	

	Number of transmitted retransmitted NR PDCP Sequence Number range reported
	1

	Start of transmitted retransmitted NR PDCP Sequence Number range
	6* (Number of reported transmitted retransmitted NR PDCP SN ranges)

	End of transmitted retransmitted NR PDCP Sequence Number of retransmitted packets range
	

	Number of successfully delivered retransmitted NR PDCP Sequence Number range reported
	1

	Highest transmitted NR PDCP Sequence Number
	3

	Cause Value
	1

	Spare extension
	1-7



Figure 5.5.2.2-1: DL DATA DELIVERY STATUS (PDU Type 1) Format
[bookmark: _Toc496876059]5.5.3	Coding of information elements in frames
[bookmark: _Toc496876060]5.5.3.1	PDU Type
Editor’s Note: All the text below is FFS.
Description: The PDU Type indicates the structure of the NR user plane frame. The field takes the value of the PDU Type it identifies; i.e. "0" for PDU Type 0. The PDU type is in bit 4 to bit 7 in the first octet of the frame.
Value range: {0=DL USER DATA, 1=DL DATA DELIVERY STATUS, 2-15=reserved for future PDU type extensions}
Field length: 4 bits
[bookmark: _Toc496876061]5.5.3.2	Spare
Editor’s Note: All the text below is FFS.
Description: The spare field is set to "0" by the sender and should not be interpreted by the receiver. This field is reserved for later versions.
Value range: (0–2n-1).
Field Length: n bits.
[bookmark: _Toc496876062]5.5.3.3	NR-U Sequence Number
Editor’s Note: All the text below is FFS.
Description: This parameter indicates the NR-U sequence number as assigned by the node hosting the NR PDCP entity.
Value range: {0..224-1}.
Field length: 3 octets.
[bookmark: _Toc496876063]5.5.3.4	Lost Packet Report
Editor’s Note: All the text below is FFS.
Description: This parameter indicates the presence of a list of lost NR-U packets in the respective NR user plane frame.
Value range: {0=Lost Frame List not present, 1=Lost Frame List present}.
Field length: 1 bit.
[bookmark: _Toc496876064]5.5.3.5	Final Frame Indication
Editor’s Note: All the text below is FFS.
Description: This parameter indicates whether the frame is the last DL status report as described in clause 5.4.2.1.
Value range: {0=Frame is not final, 1= Frame is final}.
Field length: 1 bit.
[bookmark: _Toc496876065]5.5.3.6	Highest successfully delivered NR PDCP Sequence Number
Editor’s Note: All the text below is FFS.
Description: This parameter indicates feedback about the in-sequence delivery status of NR PDCP PDUs at the corresponding node towards the UE.
Value range: {0..218-1}.
Field length: 3 octets.
[bookmark: _Toc496876066]5.5.3.7	Desired buffer size for the data bearer
Editor’s Note: All the text below is FFS.
Description: This parameter indicates the desired buffer size for the concerned data bearer as specified in clause 5.4.2.1.
Value range: {0..232-1}.
Field length: 4 octets.
[bookmark: _Toc496876067]5.5.3.8	Minimum desired buffer size for the UE
Editor’s Note: All the text below is FFS.
Description: This parameter indicates the minimum desired buffer size for all data bearers established for the UE as specified in clause 5.4.2.1.
Value range: {0..232-1}.
Field length: 4 octets.
[bookmark: _Toc496876068]5.5.3.9	Number of lost NR-U Sequence Number ranges reported
Editor’s Note: All the text below is FFS.
Description: This parameter indicates the number of NR-U Sequence Number ranges reported to be lost.
Value range: {1..256}.
Field length: 1 octet.
[bookmark: _Toc496876069]5.5.3.10	Start of lost NR-U Sequence Number range
Editor’s Note: All the text below is FFS.
Description: This parameter indicates the start of an NR-U sequence number range.
Value range: {0..224-1}.
Field length: 3 octets.
[bookmark: _Toc496876070]5.5.3.11	End of lost NR-U Sequence Number range
Editor’s Note: All the text below is FFS.
Description: This parameter indicates the end of an NR-U sequence number range.
Value range: {0..224-1}.
Field length: 3 octets.
[bookmark: _Toc496876071]5.5.3.12	Report polling
Description: This parameter indicates that the node hosting the NR PDCP entity requests providing the down link delivery status report.
Value range: {0=Downlink Data Delivery Status report not requested, 1= Downlink Data Delivery Status report requested}.
Field length: 1 bit.
[bookmark: _Toc496876072]5.5.3.13	Highest transmitted NR PDCP Sequence Number
Description: This parameter indicates the feedback about the transmitted status of NR PDCP PDU sequence at the corresponding node to the lower layers.
Value range: {0..224-1}.
Field length: 3 octets.
[bookmark: _Toc496876073]5.5.3.14	Highest Transmitted NR PDCP SN Ind
Editor’s Note: All the text below is FFS.
Description: This parameter indicates the presence of the Highest transmitted NR PDCP Sequence Number.
Value range: {0= Highest transmitted NR PDCP Sequence Number not present, 1= Highest transmitted NR PDCP Sequence Number present}.
Field length: 1 bit.

[bookmark: _Toc496092071][bookmark: _Toc496876074]5.5.3.15	Cause Report
Description: This parameter indicates the presence of Cause Value defined in 5.5.3.14 in the respective NR user plane frame.
Value range: {0=Cause Value not present, 1=Cause Value present}.
Field length: 1 bit.
[bookmark: _Toc496092072][bookmark: _Toc496876075]5.5.3.16	Cause Value
Description: This parameter is present when Cause Report defined in 5.5.3.13 is set to “1”. This indicates specific events reported by the gNB-DU.
Value range: {0=UNKNOWN, 1=RADIO LINK OUTAGE, 2=RADIO LINK RESUME, 3-228=reserved for future value extensions, 229-256=reserved for test purposes}
Field length: 1 octet.
[bookmark: _Toc496876076]5.5.3.17	Spare extension
Editor’s Note: All the text below is FFS.
Description: The spare extension field shall not be sent. The receiver should be capable of receiving a spare extension. The spare extension should not be interpreted by the receiver, since in later versions of the present document additional new fields might be added in place of the spare extension. The spare extension can be an integer number of octets carrying new fields or additional information; the maximum length of the spare extension field (m) depends on the PDU type.
Value range: 0–2m*8-1.
Field Length: 0–m octets. For the PDU Types defined in the present document m=4.
5.5.3.18	Retransmission Indication
Description: This parameter indicates whether the frame is for retransmitted packets.
Value range: {0=Frame is not for retransmitted packets, 1= Frame is for retransmitted packets}.
Field length: 1 bit.
5.5.3.19	Number of successfully delivered retransmitted NR PDCP Sequence Number range reported
Description: This parameter indicates the number of retransmitted NR PDCP Sequence Number range reported to be successfully delivered at the corresponding node towards the UE.
Value range: {1..256}.
Field length: 1 octet.
5.5.3.20	Start of successfully delivered retransmitted NR PDCP Sequence Number range
Description: This parameter indicates the start of a retransmitted NR PDCP Sequence Number.
Value range: {0..224-1}.
Field length: 3 octets.
5.5.3.21	End of successfully delivered retransmitted NR PDCP Sequence Number range
Description: This parameter indicates the end of a retransmitted NR PDCP Sequence Number.
Value range: {0..224-1}.
Field length: 3 octets.
5.5.3.22	Number of transmitted retransmitted NR PDCP Sequence Number range reported
Description: This parameter indicates the number of retransmitted NR PDCP Sequence Number range reported to be transmitted at the corresponding node to the lower layers.
Value range: {1..256}.
Field length: 1 octet.
5.5.3.20	Start of transmitted retransmitted NR PDCP Sequence Number range
Description: This parameter indicates the start of a retransmitted NR PDCP Sequence Number.
Value range: {0..224-1}.
Field length: 3 octets.
5.5.3.21	End of transmitted delivered retransmitted NR PDCP Sequence Number range
Description: This parameter indicates the end of a retransmitted NR PDCP Sequence Number.
Value range: {0..224-1}.
Field length: 3 octets.


----Unchanged sections are omitted---
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